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A system for automatic determination of the position of the crystallization front in the
process of growing sapphire crystals by horizontal directed crystallization (HDC) has been
developed. The images of the crystallization process can be transmitted to the operator
display simultaneously from several growth installations. The proposed method of CF
monitoring allows control of the CF location efficiently and without interference in the

design of the growth unit.

PaspaGorana cucremMa aBTOMATHSHUPOBAHHOTO OIIPeLeNIeHHs IOJOMKEHNA (PPOHTA KPUCTAJ-
JUSAIMAY B IIPOIlEcce BHIPAIUBAHUSA KPUCTAIOB camndupa MeTOLOM rOPU30HTAJLHON HAIpPaB-
JIeHHOU Kpucranainusanuu. VsobpaskeHne MIpollecca KPUCTANIHSANMNHU IIepeJaeTcsa Ha JKpaH
oreparopa OTHOBPEMEHHO ¢ HEeCKOJbKUX YCTAHOBOK. IIpemiosKeHHas MeTOLUKA U 000pymoBa-
HUe [IJs OIpeneeHUA IIOJOMEeHnsT PPOHTA KPUCTAIINSAINN MOXeT ObITh MCIOJIb30BaHa 06e3
BMEIIATEeIbCTBA B KOHCTPYKIIUIO POCTOBOHN YCTAHOBKIU.

1.Introduction

In crystal growth by the horizontal di-
rected crystallization (HDC) method, one of
the problems is monitoring of the crystal-
lization front (CF) location [1]. Convention-
ally this monitoring is carried out by visual
methods through an observation window. In
[2], monitoring of the CF location was car-
ried out using high-speed cameras. How-
ever, the available camera software does not
allow processing of the images obtained in
the course of the growth process. Therefore,
the image analysis and determining of the
CF location could be made only after the
growth. Such a system is not suitable for
dynamic control of CF changes.

The main objective of this work was de-
velopment of a method and appropriate in-
stallation design for clear and unambiguous
determination of the location of the crystal-
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lization front in the course of HDC crystal
growth in the online mode.

2. Experimental and results

The proposed design includes an optical
surveillance system mounted directly inside
the housing of the growth installation above
the inspection window. Manual focus and
zoom lens allows accurate allocation of the
area of interest and obtaining the images
suitable for computer processing. Alongside
with the data transfer, the image is trans-
ferred onto a display screen for the operator
of the process. The image can be transmit-
ted simultaneously from multiple growth
units.

Control of changes in CF location can be
performed automatically, that is, the detec-
tion of CF location does not require manual
setting of location markers. In some cases,
this location can be set manually indicating
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Fig.1 Image processing steps: a — original image; b — cropped and filtered image; ¢ — the image
with changed density; d — the image with a distinguished contour.

the response zone (this can be used when
active control of the CF location is re-
quired.)

The crystal quality is directly related to
the nature of CF movements [2]. Review
and analysis of the archive of CF images
obtained during the growth cycle can sug-
gest the presence of defects of various types
in the grown crystal. The image processing
algorithm consists of several steps to im-
prove the image quality and determine the
location of the crystallization front.

The general scheme consists of the fol-
lowing stages: initial configuration of the
camera carried out on the bench before in-
stallation, selection of a specific region of
interest and approximation of the field
space depth. Fine substring image quality
was obtained on a computer monitor from
the camera on the growing unit.

The sizes of all objects within the image
area was measured by a test image.

Image processing was performed in a
freeware program Scilab.

Scilab Image Processing toolbox is in-
tended to do imaging tasks such as filter-
ing, blurring, edge detection, thresholding,
histogram manipulation, segmentation,
mathematical morphology, color image proc-
essing, etc [3].
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Image processing. Decomposition of im-
ages by color (RGB) can distinguish the
color channel in which the image is more
clear and sharp. Our studies have shown
that the most clear image of the front loca-
tion is achieved with the mix of green and
red channels at the ratio of 70 to 30% ,
respectively. The resulting image after
channel aggregation is presented in shades
of gray. Arithmetic operations for combin-
ing images were used to obtain the final
image.

The resulting image is exposed to proc-
essing by a median filter to reduce noises
that are present in the source.

Rotation and shift of the images is made
produced by a well-pronounced element of
the image that remained stable throughout
the experiment. This allows compensation
for image shaking [4].

To highlight the crystallization front on
the image, adjustment of the image color
density was carried out. Graphic informa-
tion about the crystallization front is con-
tained in a a narrow range of brightness
grades. Dynamic adjustment of brightness
was used to reliably determine the limits of
variation of color intensity used for imag-
ing the crystallization front [5].
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Fig.2. Shift of the crystallization front in
the crystal growth process.

For automatic singling out of the CF lo-
cation, conversion of the obtained images to
contour image was carried out. The contour
lines indicate the boundaries of sharp
changes in color density (Fig. 1.d).

Because the image has a stable density
within the boundaries of static objects, the
path of the contour movement gives infor-
mation on the status of the crystallization
front.

Since the image is normalized, the coor-
dinates of the shifted contour give the nu-
merical values characterizing the crystal-
lization front. It is convenient to measure
this position in pixels from the edges of the
image. The absolute value of the position of

the crystallization front is accurately recon-
structed from the known values of the size
of the reference image.

3. Conclusion

Experimental measurement of the posi-
tion of the crystallization front have shown
that during the growth process the front is
gradually moving (Fig. 2.). The error in de-
termining the position of the front by the
reported method does not exceed 0.25 mm.
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CucreMa KOHTPOJIIO MOJIOKEHHA (PPOHTY
KpucTaJgizanmii po3miasa

I'.T.Anonkin, C.B.Bapannik, B.M.Kagimies, O.B.Co6oyes, A.B.Boinos

Pospobieno cucteMy aBTOMATH30BAHOTO BU3HAUEHHS TOJOKEHHS (DPOHTY KpucTamisalii B
nporeci BHUPOITYBAHHSA KPUCTAJIB candupy MeTOIOM TOPU3OHTANLHOI HANpaBJIeHOI Kpuc-
Tamisaiii. 300parKeHHs TPOIeCY KPUCTANMi3amii mepegaeThed HA €KPAH OMepaTopa OAHOYACHO
3 KimbpKoiI ycTamoBoK. Metogmka i obmagHanHsa A8 BUSHAUEHHS MOJIOMKEHHA (DPOHTA KpUC-
Tasisalii BUKOPUCTOBYIOThHCA 6e3 BTPYUAHHSA B KOHCTPYKIIiI0 POCTOBOI medyi.
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